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Abstract 
We aimed to investigate stress response regulation, temperament, cognitive and language abilities 
and family socioeconomic status (SES) in children who entered kindergarten before two years of 
age. Whilst children’s stress regulatory systems are vulnerable to environmental influences, little is 
known about how temperament and family characteristics impact stress regulation in a child’s early 
years of development. The study participants were 129 children between the ages of 7 years and 23 
months from 29 kindergartens. Stress response regulation was assessed by measuring salivary 
cortisol and alpha-amylase activity. Cognitive and language abilities were assessed using Bayley-III 
and the children’s temperaments were assessed using the Early Childhood Behavior Questionnaire 
(ECBQ). Family characteristics (SES, parental stress) were assessed using surveys. The results 
suggest that children are alert during their kindergarten day, but their stress response regulation is 
balanced. Girls and boys differed in cognitive and language abilities, but variation in language had a 
greater impact on learning difficulties in a family than it did on gender. We propose that children’s 
individual needs should be better acknowledged in early childhood education. 
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Children attend kindergarten with various early developmental histories. Each child is born with a 
unique temperament and other biological givens. In addition, socioeconomic environment, parental 
attitudes and parenting styles impact the developmental trajectories of children, even in utero. It is 
widely known that an adverse environment and poor parenting can have cumulative jeopardizing 
effects on a child’s development, whereas a loving, caring environment that provides steady 
socioeconomic growth protects that development (Sourander, 2015). 
 
A child’s early years form the fundamental basis for future learning and wellbeing.  The first three 
years of life are a period of incredible growth in all areas of human development. Brains are 
extremely plastic in early life, which can have positive and negative consequences. On the positive 
side, young children’s brains are open to learning and enriching influences. On the negative side, 
young children’s brains are vulnerable to the effects of an impoverished or un-nurturing 
environment (identifying author, 2015). 
 
Environmental influences, especially early in life, have been convincingly shown to have an effect 
on social, emotional and cognitive development in childhood (Rutter et al., 2015).  A primary 
pathway through which the environment exerts this influence is via changes in stress-responsive 
biological systems, especially the sympathetic and parasympathetic branches of the autonomic 
nervous system (ANS), the hypothalamic–pituitary–adrenal (HPA) axis and their target tissues, 
including the brain (Berntson, Cacioppo, & Quigley, 1993; Cicchetti & Rogosch, 2012; Porges, 
2007; Sapolsky, Romero, & Munck, 2000). 
 
Stress-induced neurobiological responses guide adaptive and essential responses to environmental 
changes and challenges. Activation of the stress reactive system is requisite for becoming alert and 
attentive (Sajaniemi et al., 2015; Siegel, 2005). Regulation of stress responses is mandatory for 
maintaining balanced activity when the brain and body are preparing to take action and when it is 
needed to delay immediate reactivity in striving to achieve current or future goals. Thus, stress 
response activation might be the initial stage of learning processes. Without regulation, stress 
activation results in energy-consuming fight, flight or freeze responses. Recurring immediate 
reactivity restrains neural activation in the prefrontal cortex and endangers healthy development in 
young maturing brain (identifying author, 2015; Gunnar & Cheatham, 2003).  
 
An impressive body of research has accurately outlined the processes underlying these stress 
responses (De Kloet, Fitzsimons, Datson, Meijer, & Vreugdenhil, 2009; Gunnar, Wewerka, Frenn, 
Long & Griggs, 2009; Porges, 2007).  Autonomic arousal is associated with acute, short-term 
responses from the Sympatho-Adrenal–Medullary (SAM) axis and more chronic, longer-term 
responses from the Hypothalamus–Pituitary–Adrenal (HPA) axis.  Even though the SAM axis and 
the HPA axis systems function in a coordinated manner to regulate stress responses (see Sapolsky et 
al., 2000; Granger, Kivlighan, El-Sheikh, Gordis, & Stroud, 2007), it has been proposed that the 
relationship between the HPA and SAM systems is asymmetric and reciprocal, with opposite 
patterns of diurnal change evidenced in decreasing cortisol and increasing salivary alpha-amylase 
(sAA) throughout the day (Nater et al., 2007). In addition, the increase and decrease in sAA in 
response to stress precede those in cortisol, leading to higher cortisol but lower sAA approximately 
10 minutes after the stressor has triggered it (Gordis, Granger, Susman, & Trickett, 2006; Engert et 
al., 2011).  
 
The diurnal rhythm of cortisol in children is still under progression. Infants are born without a 
diurnal cortisol rhythm; it emerges during the first 18 months of life. It has even been suggested that 
the maturation of the HPA axis is ongoing up to the third year of life (Watamura, Donzella, Kertes, 
& Gunnar, 2004).  In addition, baseline cortisol levels seem to decrease across infancy and early 
childhood (Blair et al., 2011). Less is known about the maturation of the sAA axis. It has been 
documented that basal sAA levels increase between 2 months and 24 months of age (Davis & 
Granger, 2009).  However, evidence about the maturation of the diurnal sAA rhythm is almost non-
existent.  
 
Children with particular temperaments might be more vulnerable to early life experiences, and some 
individual differences might lead to greater sensitivity to environmental variations (Boyce & Ellis, 
2005). Sensitivity to the environment encompasses both individual differences in physiological 
reactivity to stress and individual temperament differences that are highly associated with stress 
responses. Reactive temperament is one of those individual difference factors that have been 
hypothesised to enhance sensitivity to both positive and negative qualities of the environment 
during early childhood development (Belsky, 2005; Obradovic & Boyce, 2009). Behaviourally 
inhibited, reactive children display a heightened orientation to threat, enhanced novelty detection 
and greater error monitoring; they are also more likely to develop anxiety disorders (Fox & Reed-
Sutrerland, 2010).  
 
Studies have proposed that affectivity has an effect on stress regulation as well. Low positive 
affectivity, concurrent elevated morning cortisol and cortisol dysregulation have been observed in 
young children (Dougherty, Klain, Olino, Dyson, & Rose, 2009). Furthermore, children who have 
exhibited higher negative affectivity at the age of three have evidenced elevated evening cortisol at 
the age of six (Dougherty et al., 2013). Children with high negative affectivity or low positive 
affectivity may have greater difficulty modulating their biological and behavioural stress responses, 
making them more susceptible to the cumulative challenges of the day and, increasing, the risk for 
later depression (Dougherty et al., 2013). In addition, some studies have revealed associations with 
externalising or internalising behaviours and low or high baseline cortisol, respectively (Hill-
Soderlund et al., 2015; Shirtcliff, Granger, Booth, & Johnson, 2005; van Goozen, Matthys, Cohen-
Kettenis, Buitelar, & van Engeland, 2000; McBurnett, Lahey, Rathou, & Loeber, 2000; Gunnar, 
Tout, de Haan, Pierce, & Stanbury, 1997; Hart & Risley, 1995).  
 
Fewer studies have examined the relationship between sAA and emotional or behavioural problems. 
However, high externalising behaviour has been documented in children with either high or low 
levels of sAA (Keller & El-Sheikh, 2009).  The link between high levels of sAA, approach 
tendency and positive emotion, as well as between high levels of cortisol, withdrawal tendency and 
negative emotion, has also been documented (Fortunato, Dridin, Stranger, & Buss, 2008).  El-
Sheikh, Erath, Vuckhalt, Granger, and Mize (2008) reported that higher resting cortisol 
concentrations were associated with higher levels of internalising and externalising problems, but 
only in conjunction with high sAA concentrations. Behavioural problems were most apparent in 
children with both high cortisol and high sAA levels. In contrast, children with high sAA but low 
cortisol levels seemed to have the least number of behaviour problems. Similar moderated 
relationships have been noted between cortisol and sAA reactivity during laboratory-based 
psychological stress paradigms (Gordis et al., 2006), although the crossover nature of the 
interactions have been somewhat inconsistent across studies (Allwood, Handwerger, Kivlighan, 
Granger, & Stroud, 2011).  
 
It has been suggested that the relationship between cognitive development and stress regulation 
evolves over time (Hackmann & Farah 2009). Some studies have found that low cognitive 
performance in school-aged children precedes the flat diurnal cortisol pattern and low morning 
cortisol levels seen in mid-adulthood (Power, Li, & Hertzman, 2008). In addition, Evans et al. 
(2011) reported an inverse relationship between age and cognitive performance with an attenuated 
cortisol awakening response. Increases in cortisol responses to a challenge have been shown to be 
related to better cognitive performance in children (Blair, Granger, & Petersrazza, 2005). Optimal 
cognitive outcomes have been shown to be associated with asymmetrical cortisol/sAA profiles 
(Keller et al., 2012). Keller et al. (2012) found that higher cortisol levels were predictive of lower 
cognitive abilities in toddlers with moderate to high levels of sAA. However, higher sAA levels 
were predictive of better cognitive abilities in toddlers with concurrently moderate to low levels of 
cortisol (Berry et al., 2012).  Furthermore, diurnal cortisol patterns characterised by a more positive 
awakening response and lower cortisol levels during the day, which indicates higher cortisol 
reactivity and lower stress levels, were associated with better language and cognitive scores early in 
toddlerhood (Saridjan et al., 2014). In toddlerhood, the structure of cognitive development is not yet 
clear and the emergence of the processes of language and non-verbal language are distinct. Studies 
focusing on both language abilities and non-verbal cognitive abilities in relation to stress response 
regulation are rare. Our study is among the first to examine diurnal cortisol and concurrent diurnal 
sAA levels in relation to language and cognitive performance in young children.  
 
Maturation of stress response regulation in children might be linked to socioeconomic status (SES). 
Karb, Elliot, Dowd, and Morenoff (2012) documented that a stressful environment with economic 
pressures, living in an unprivileged neighbourhood and a low level of social support are linked with 
blunted cortisol patterns in adults, indicating chronic stress throughout the day. Studies have 
documented that children growing up in low SES conditions experience more disorganised and 
chaotic environments with a greater level of noise and unpredictably (Evans, 2004; Vernon-Feagans 
et al., 2012). Some studies have found that these types of environments result in higher levels of 
basal cortisol (see Blair et al., 2011). Low SES has been associated with increased diurnal levels of 
cortisol among infants (Saridjan et al., 2010) and higher basal levels among preschool aged children 
(Blair et al., 2005).  However, some studies have found either no associations or mixed associations 
between SES and cortisol (Down, Simanek, & Aiello, 2009). There is less data (and mixed data) on 
the relationship between sAA and SES. Children from low SES backgrounds have been found to 
have higher levels of sAA (Granger et al., 2007); however, in other studies, no link between low 
income and sAA has been found (Haushofer et al., 2011).  
 
The present study aimed to emphasise the diversity in HPA and SAM functions in relation to 
temperament, cognitive abilities, language abilities and SES in children after they enter 
kindergarten and before they reach the age of two (in Finland, kindergartens are a part of early 
childhood education services for children ranging in age from one to six). The first years of life are 
fundamental to the calibration of stress response systems (Chiccetti & Walker, 2001; Gunnar & 
Cheatham, 2003). It is worthwhile to gather information that can be used to develop best practices 
to equalise the possibilities for optimal learning and wellbeing in every child.  
 
We hypothesise that toddlers already exhibit a wide variety of abilities and behaviours when they 
enter kindergarten.  We suppose that these differences are due to diversity in family backgrounds 
and the children’s biological givens (gender, individual temperament, birth weight, birth height, 
Apgar scores). These differences might be linked to cognitive and language development. We 
further suppose that time spent in a kindergarten environment encumbers the children’s immature 
stress regulative system, and that might be indicated in imbalanced HPA and SAM responses during 
a kindergarten day. We presume that children’s individual temperaments moderate the effects of 
family background on stress regulation, and that some characteristics may predispose children to 
increased stress vulnerability. Furthermore, stress vulnerability increases the children’s risks for 
non-optimal cognitive and language development.   
 
This study seeks to answer the following research questions:  
 
1. How are family background, children’s biological givens, language abilities and cognitive 
abilities related to each other at the beginning of kindergarten in toddlers that are younger 
than two years of age?  
2. What are the possible differences in HPA and SAM responses during a day at home and a 
day at kindergarten after 12 weeks (+/- four weeks) at the beginning of kindergarten? 
3. Do family background and biological givens modify stress response regulation, and does 
stress response regulation channel children’s language and cognitive development?  
 
2. Materials and methods  
 
2.1 Participants and procedure  
 
The participants were recruited from 29 municipal kindergartens in metropolitan Helsinki, Finland 
during the years 2011–2014 as a part of the longitudinal study, “Quality of day care and the risk of 
social exclusion in early childhood”, which was funded by the Academy of Finland. After receiving 
authorization from the city of Helsinki, the heads of the kindergartens were asked to participate in 
the study and deliver the study’s consent form to parents whose children were entering the 
kindergartens at the beginning of next school season. The families who did not communicate in 
Finnish, Swedish or English were excluded, as were children with severe developmental 
dysfunctions. During the time of the present study, the parents of 129 children (56 girls, 73 boys) 
had given permission for their child to participate in this three-year follow-up study. As previously 
noted, in Finland, kindergartens are a part of early childhood education services for children ranging 
in age from one to six. In the present study, the mean age of the children after entering the 
kindergarten was 14.8 months (SD 5.2).  
 
<Table 1 about here> 
 
 
The Ethics Committee on Human Studies of the University of Helsinki approved this study. We 
guaranteed the participants’ anonymity, and the parents were aware that they were free to withdraw 
at any point during the study. All the study arrangements were agreed upon with the parents and the 
staff at the participating kindergartens. Requirements expected of the participants were made clear 
in the information given prior to their agreeing to participate. Participation was fully voluntary.  
 
At the beginning of the study, a family background questionnaire and the Early Childhood Behavior 
Questionnaire (ECBQ) were distributed to the parents. The family background questionnaire 
included questions about family composition, the occurrence of learning difficulties in family 
members and SES.  In addition, it obtained information about the participating children’s birth 
related factors, possible current medications and developmental concerns.  The child-centred 
information is presented in Table 1 and the family background information is presented in Table 2.  
 
<Table 2 about here> 
 
After the children completed a three-month (+/- one month) kindergarten adjustment period, the 
first saliva samples were collected and their language and cognitive abilities were evaluated. This 
paper presents the results of the first time point evaluations of the three-year follow-up study.  
 
 
2.2 Behavioural Assessment  
 
For all the participating children, the parents were asked to complete the Early Childhood Behavior 
Questionnaire (ECBQ), which is an extensive parent reported measure of temperament designed for 
children ranging in age from one to three (Putnam, Garstein, & Rothbart, 2006). The ECBQ 
contains 202 items that assess the following 18 dimensions of temperament: activity level, 
attentional focusing, attentional shifting, cuddliness, discomfort, fear, frustration, high-intensity 
pleasure, impulsivity, inhibitory control, low-intensity pleasure motor activation, perceptual 
sensitivity, positive anticipation, sadness, shyness, sociability and soothability. The parents 
rated their children on each item using a 7-point Likert scale, ranging from ‘extremely untrue of 
your child’ to ‘extremely true of your child’. The parents were also provided with a ‘not applicable’ 
response option to be used when the child had not been observed in the situation described. Factor 
analyses of the ECBQ-scales reliably recovered a three-factor solution, indicating three broad 
dimensions of temperament: extraversion/surgency, negative affectivity and effortful control. The 
ECBQ is known to be a valid and reliable instrument, and it is currently widely used in 
developmental research. Internal consistency (Cronbach’s α) in the ECBQ dimension varies from 




2.3 Evaluation of Cognitive and Language Abilities 
 
The third edition of Bayley Scales of Infant Development (BSID III) was used to evaluate the 
children’s cognitive and language abilities. The cognitive scale of the Bayley-III contains 91 items 
that assess sensorimotor development, exploration and manipulation of objects, concept formation 
and memory. The language scale contains 97 items that assess receptive and expressive 
communication.  Each item is scored as either ‘‘passed’’ or ‘‘not passed.’’  The evaluation is 
terminated when ‘‘not passed’’ scores have been obtained for five consecutive items. The raw 
scores for cognition, receptive communication and expressive communication are converted into a 
scaled score (a mean of 10 and a standard deviation (SD) of 3), and they are further transformed 
into cognitive and language composite scores (a mean of 100 and an SD of 15). The Bayley-III has 
acceptable levels of reliability (internal consistency > 0.86; test-retest reliability > 0.67) and 
concurrent validity compared to several developmental diagnostic tests for children aged 14.8–36.9 
months (Bayley, 2006). 
 
Three research assistants with a background in psychology and education served as the Bayley 
evaluators. The evaluators received five hours of training that consisted of observing training 
videotapes and observing a field assessment of three toddlers, which was administered by an 
experienced psychologist. The first independent evaluations were administered under the 
supervision of an experienced evaluator. The Bayley evaluations were conducted by appointment, at 
the participating kindergartens after the children had adjusted to their kindergarten routines (after a 
period of three months, on average).  
 
2.4 Salivary Cortisol and Alpha-amylase Measurements 
 
Five salivary cortisol and alpha-amylase samples were collected from each of the children during 
one day at the kindergarten and one day at home. The kindergarten teachers and the parents of the 
participating children were guided to collect the children’s samples as follows: 
 
 Immediately after waking;  
 Thirty minutes after waking;  
 One hour after waking;  
 In the afternoon between 14:00 and 15:00; and 
 Just before going to bed.  
 
The teachers and parents were instructed to supervise the children so that they avoided drinking or 
eating for 15 minutes before the samples were collected. The parents were also asked to report their 
children`s medication intake and chronic illness on the saliva collection days so that it was possible 
to confirm that there was no use of prolonged medication that would distort the results. The timing 
of the collection was confirmed since the teachers and parents wrote down the time of each 
measurement point when they collected the children’s samples. In addition, using a sampling diary 
the teachers and the parents were able to write down if any unusual events occurred on the sampling 
days. 
 
All the salivary cortisol samples were obtained by mouthing on two-inch cotton wads (Salivette 
Collection Kit, Salivette, Nürmbrecth). The wet wads were placed in Salivette tubes and stored 
immediately in a refrigerator before being delivered to the laboratory at the Finnish Institute of 
Occupational Health (FIOH) in Helsinki. Salivary α-amylase activity was analysed with a Salivary 
α-Amylase Assay kit (Salimetrics).The laboratory at FIOH was also responsible for verification of 
the validity of the measurements. 
 
2.5 Statistical Analyses 
 
Statistical analyses were made using SPSS IBM 20 software. Descriptive statistics were obtained to 
illustrate the children’s scores in temperament, cognitive ability and language ability. Paired sample 
t-tests were conducted to detect differences according to gender. Associations between the variables 
were investigated using Pearson’s correlation coefficients (r).  Linear regression analysis was 
conducted to detect the best predictors of the children’s outcomes.  
 
Some extreme salivary cortisol and alpha-amylase values were found. Although these values were 
within the normal range, they could have caused distortion in the analyses. Therefore, to avoid the 
violation of test assumptions caused by the skewness, all the cortisol and alpha-amylase values were 
investigated for outliers, which were converted equally into the most extreme values (ranging 
between -4 SD and +4 SD from the mean values) and measured, as recommended in Nicolson 
(2008).   
 
The analyses were duplicated using the non-parametric test (Wilcoxon) to confirm that the 
expectation–maximization (EM) algorithm didn’t distort the results. The number of children with 
extreme values ranged between 0-16 in every measurement point. The missing values were imputed 
with the EM algorithm, but only if no more than two values were missing in the series.  
 
Descriptive statistics for the salivary cortisol and alpha-amylase measurements were obtained to 
demonstrate the diurnal patterns of both variables. To present the relationship between cortisol and 
alpha-amylase and to show them in the same figure, we logarithmically transformed the values. 
Moreover, to detect the variation in the biomarker variables between the kindergarten day and the 
home day, pairwise comparisons (t-tests) were conducted. To obtain the total diurnal response of 
the salivary cortisol and sAA activity, area under the curve with respect to the ground (AUCg) was 
calculated using the same trapezoid formula described in Pruessner, Kirschbaum, Meinlschmid, and 
Hellhammer (2003). Then, to demonstrate variations in the sAA activity levels after corrections for 
variations in the cortisol, the AUCg of the sAA activity was divided by the AUCg of the free 
cortisol to derive an overall ratio variable (AOC) (Ali & Pruessner, 2012). This same ratio variable 
was calculated for cortisol (COA) by dividing the AUCg of the salivary cortisol by the AUCg of the 
sAA activity. This variable demonstrated the variations in cortisol levels when the variation in sAA 
activity was corrected.  
 
In addition, the salivary cortisol awakening response (sCAR) and the salivary alpha-amylase 
awakening response (sAAar) were calculated (derived from the morning values between 
awakening, +30 minutes, and one hour after waking) as described in previous studies (identifying 
author, 2016).  
 
To detect the associations between the children’s biological givens, family background, cognitive 
and language development and stress regulation, correlation analyses (Pearson`s) were conducted. 
 
3. Results  
 
This section presents the study’s results. 
 
Relationship between family background, children´s biological givens, cognitive abilities and 
language abilities.  
Family background was slightly associated with cognitive and language abilities. The number of 
siblings was correlated with a child`s receptive language scores (r=-.26, p=.01), and children with 
more siblings scored better in language tasks. Additionally, learning difficulties among family 
members was associated with low receptive language scores (r=-.22, p=.04). Father`s education was 
positively correlated with receptive language scores (r=.22, p=.04) and with cognitive scores (r=.21, 
p=.04).  
 
Furthermore, female gender was associated with higher cognitive scores (r=-.2, p=.03), higher 
receptive language scores (r=-.22, p=.01) and higher expressive language scores (r=-.19, p=.04). In 
addition, there was a significant positive correlation between cognitive and receptive language 
scores (r=.63, p<.001) and expressive language scores (r=.52, p<.001).  Higher Apgar scores were 
related to higher receptive language scores (r=.25, p=.04).  
 
Examination of the possible gender differences revealed that cognitive scores [t (120)=2,23, 
p=.028], receptive language scores [t(120)=2,45, p=.015] and expressive language scores  
[t(120)=2,11, p=.037] were significantly higher in the girls (Table 3).  However, no other significant 
gender differences were found for birth weight, height, Apgar scores (Table 1) or for temperament, 
negative affectivity, effortful control and surgency (Table 3).   
 
<Table 3 about here> 
 
Furthermore, no associations between a child’s temperament and cognitive and language 
development were found. Neither were there any correlations between other family or child 
background characteristics and temperament.  
 
Due to the multiple associations with background variables and language development, linear 
regression analysis was conducted to detect the best predictor for the variation in the target variable. 
The model was constructed based on the correlation analyses with the following variables: gender, 
child’s Apgar scores, learning difficulties in the family and number of siblings. The aim was to 
predict the effects of these variables on language abilities. These variables significantly predicted 
receptive language abilities [F (3, 61) =3, 95, p=.01, R2=.163]. However, because the effects of all 
the variables in the model were controlled, only gender predicted a significant variation in receptive 
language abilities [β=-.238, p=.047]. These variables significantly predictive also expressive 
language [F (3, 61) =3, 18, p=.03, R2=.135]. Instead when the model were controlled, only learning 




Differences in HPA and SAM responses during home day and kindergarten day after 12 weeks (+/- 
four weeks) of the beginning of kindergarten. 
On average, the children’s salivary cortisol and alpha-amylase levels followed a regular diurnal 
pattern (see Wilcox, Granger, Szanton, & Clark, 2014). The diurnal patterns for salivary cortisol 
and alpha-amylase are presented in Figure 1 and Figure 2, respectively. The salivary cortisol levels 
were higher in the morning; they peaked 30 minutes after awakening and then decreased slightly 
toward the evening with the lowest values measured just before going to bed.  
 
In the sAA levels, there was a slight decline during the first 30 minutes of the waking hours on both 
days (kindergarten day and home day). After that, the values increased steadily until the afternoon, 
after which the values declined again towards the evening. This wave form in the profile is typical 
for the diurnal secretion of sAA (Wilcox et al., 2014). 
 
<Figure 1 and Figure 2 about here> 
 
 
Comparisons between the kindergarten day and home day showed that there were differences in 
AUCg values for cortisol [t (105) =5, 8, p<.001]. In addition, the alpha-amylase over cortisol ratio 
value [t (105) =-3, 9, p<.001] was higher during the home day. 
 
 
Possible modifiers of stress response regulation and the role of stress response regulation on 
children’s language and cognitive abilities.  
This study also aimed to investigate the extent to which family background and a child’s biological 
givens are associated with stress response regulation; it also aimed to examine how stress response 
regulation might moderate the effects of these variables on children’s cognitive and language 
outcomes. Only modest correlations between the variables were found. Effortful control and sAA 
awakening response for the home day (r=.29, p=.007) were positively correlated. The cortisol over 
alpha-amylase ratio value for the home day was positively associated with cognitive abilities (r=.27, 
p=.006). Female gender was related with the diurnal AUCg value for alpha-amylase (r=-. 27, 
p=.005) and with the cortisol awakening response (r=-.221, p=.02), as measured on the kindergarten 





The present study found that one-year-old children enter kindergarten with a wide range of 
biological givens, making them differentially susceptible to environmental influences. It h has been 
widely documented that family matters, and home, as a primary developmental environment, 
significantly affects the children’s ability to either flourish or fade, developmentally. Research 
shows that SES is associated with a wide array of cognitive, emotional and social outcomes in 
children, with effects children before they are born and continues into adulthood (Sourander, 2015). 
A variety of mechanisms linking SES to children’s wellbeing have been proposed, with most 
involving differences in access to material and social resources or reactions to stress-inducing 
conditions (Karb et al., 2012). Our study aimed to investigate the extent to which children’s 
background characteristics are associated with children’s outcomes and stress response regulation. 
We found that a father’s high level of education is related to a child’s strong cognitive abilities. This 
might tentatively indicate that these children could be privileged, having a more solid base for 
adjustment for early entry into kindergarten.   
 
The importance of family background was further confirmed through our findings, which showed 
that learning difficulties in some family members predicted delayed language abilities. This might 
be a sign of genetic vulnerability, as has been suggested in many studies (e.g. Eischer et al., 2015; 
Raschle et al., 2015). On the other hand, environmental factors are known to be essential in 
language development (e.g. Rudolf & Leonard, 2016; Merrit & Klein, 2015). In our study, we 
found that learning difficulties in the family might indicate fewer variations in family 
communication, fewer enriching experiences and compromised early language development in 
children.  
 
Our findings demonstrate that girls and boys differ in their language and cognitive abilities, and this 
should be better acknowledged in early childhood education practices.  Cognitive and language 
abilities were stronger in the girls than the boys when children enter kindergarten. This finding 
implies that sociocultural traditions (including family culture) might create conditions that favour 
girls, as, for example, Miller and Halpern (2014) have proposed. However, some children may be 
more at risk than others due to weak cognitive or language development.  High quality early 
education with scaffolding and sensitive professionals has the potential power to re-channel every 
child’s development when needed, irrespective of family background or biological givens.  
 
Several studies have documented that early age entrance to kindergartens strains the stress sensitive 
systems of children, resulting in possible harmful effects (e.g. Albers, Beijers, Riksen-Walraven, 
Sweep, & de Weerth, 2015; Watamura et al., 2004). However, our results did not confirm the 
findings from previous studies, suggesting that out-of-the home early education services are 
compromising the wellbeing of young children. Salivary cortisol and sAA as indicators of a stress 
sensitive system followed, on average, a regular diurnal pattern during the kindergarten day. The 
asymmetrical pattern between these biomarkers has been shown to demonstrate typical secretion of 
cortisol and alpha-amylase (Wilcox et al., 2014).  
 
Nevertheless, we found some differences between the home and kindergarten days. In addition, we 
found associations between stress responses and a child’s biological characteristics. A higher alpha-
amylase over cortisol ratio during the home days in comparison to the kindergarten days may 
indicate more alerted reactivity.  This is an interesting finding that requires more information about 
parenting styles, family activities and stressors during home days.  
 
Interestingly, cortisol secretion was found to be more profound during the kindergarten day, which 
was also observed in other studies (see Vermeer & Ijzendoorn, 2006). That might be an alarming 
sign (Berry et al., 2012). On the other hand, the alpha-amylase over cortisol ratio was lower during 
the kindergarten day, thereby indicating balanced stress response regulation with its possible 
positive consequences, while the opposite pattern, demonstrating higher alpha-amylase over cortisol 
ratio, has been linked to more blunted HPA-axis activity (Ali & Pruessner, 2012).  
 
In general, a study by Ali and Pruessner (2012) suggested that the alpha-amylase over cortisol ratio 
value is a better indicator of stress system regulation than either the cortisol over alpha-amylase 
ratio or alpha-amylase or cortisol alone.  Regulation is needed since children certainly face multiple 
stressors during a kindergarten day. They have to adapt their behaviour in all kinds of relationships, 
both with other children and with adults. Learning challenges, minor conflicts, disappointments and 
frustrations commonly occur every day. Furthermore, children are forced to adjust their needs to 
meet the requirements of their daily routines. All these encounters might tax their emotional 
resources and adaptive competencies, thus activating the stress-sensitive physiological system 
(Watamura et al., 2004).  We propose that the activated but balanced and well-regulated stress 
responses highlighted in our study might accelerate a child’s development. The consistency and 
regularity of daily routines, predictive schedules and rewarding social interaction with peers and 
adults enhance a child’s ability to face stressors.  
 
Our research revealed noteworthy findings that are in line with previous studies, which found that 
temperament is related to individual differences in stress response regulation (Hill-Soderlund et al., 
2015; Keller & El-Sheikh, 2009; Fortunato et al., 2008; El-Sheikh et al., 2008). Higher morning 
awakening response for alpha-amylase was linked to higher effortful control, which, in extreme 
cases, may indicate a potential risk for anxiety (Van Veen et al., 2008).  In our study, the children 
demonstrating high effortful control combined with elevated morning alpha-amylase may have 
inflexible and unadaptable mechanisms to cope accurately with challenges. Alpha-amylase has been 
associated with acute psychosocial stress, but as Nater and Rohleder (2009) stated, more studies are 
needed to examine long-term changes in alpha-amylase concentrations. In addition, meta-analysis 
(Schumacher, Kirschbaum, Fyd, Rich, & Ströhle, 2013) has demonstrated that most of the studies 
have been conducted in laboratory or experimental settings instead of in the context of everyday 
life, and the participants in those studies have represented a selective sample, including for example 
psychiatric disorders such as Post Traumatic Stress Disorder (PTSD), generalised anxiety disorder 
or major depressive disorder.  
 
However, we tentatively conclude that temperament might moderate development of stress response 
regulation. In turn, stress response regulation could channel social, cognitive and language 
development.  By the time children enter kindergarten the differences in their stress response 
regulation have not yet had an influence on their cognitive and language development, as 
documented in our study. Therefore, adequate and sensitive co-regulation based on recognition of 
individual characteristics might be fundamental for supporting every child’s development.  
 
This study had some limitations that should be taken into consideration when interpreting its results. 
Conducting the study in a natural environment is challenging due to the limited capacity to control 
the accuracy of the data collection. The salivary cortisol and alpha-amylase samples were collected 
at the participating kindergartens and at the children’s homes, and even though the teachers and 
parents were given proper guidelines for sample collection there was some minor variation in the 
sampling times. This may have an influence on the results; for example, the validity of the cortisol 
awakening response (as well as the alpha-amylase levels) is highly influenced by the timing of the 
sampling schedule.  This means that an accurate time frame—beginning with the awakening time—
is required to properly calculate the awakening values (Stalder et al., 2016). 
 
This study aimed to investigate the extent to which the children’s background characteristics are 
associated with the children’s outcomes and stress response regulation. However, the study 
participants represent a somewhat selective sample; for example, the income level of the children’s 
parents was higher than average. This may cause a slight distortion in the results because the 
variation in background characteristics was not normative. Families with a lower SES may not be 
willing to participate, and further studies are needed to better recruit and involve lower SES 
families, and to provide a more in-depth analysis of the potential differences.  
 
Nevertheless, our study results suggest that there are differences between children due to their 
individual characteristics and family background when they enter kindergarten. A number of studies 
(Vandell & Wolfe, 2000; Peisner-Feinberg et al., 2001; Burchinal et al., 2000) have shown that high 
quality early childhood education can have a positive impact on children’s development and later 
outcomes by observing children’s individual needs and intervening to address and limit 
developmental risk factors. High quality early childhood can be an extremely beneficial way to 
prevent social exclusion and guarantee social justice among children with diverse backgrounds. 
High quality early childhood education takes into account the fact that children vary in their 
sensitivity to context, and well-educated professionals can offer an enriching environment that 
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  N Mean Sd 
Birth height (cm)    
 Girls 37 49,46 2,77 
 Boys 49 49,14 7,06 
 total 86 49,3 4,92 
Birth weight (kg)    
 Girls 37 3,42 0,62 
 Boys 48 3,56 0,59 
 total 85 3,49 0,61 
Apgar (1-10) Girls 30 8,87 0,78 
 Boys 39 8,87 0,08 




Table 2. Family background characteristics. 
 
Family income per year (euros) 
 Families 
(%) 
  >>>>   <20 0000                5,1 
  20 000-35 000   11,2 
  35 000-50 000     9,2 
  50 000-65 000   21,4 
  65 000-80 000   23,5 
  > 80 0000   29,6 
Number of children in families               n 
Families 
(%) 
             1  49,5 
             2  29,7   
             3  17,8 
           >3 3 
Parents educational level Mother (%) Father (%) 
basic education    
 high school   23,5 27,3 
 graduate   76,5 72,7 
schooling    
 none   2,9 15,2 
 vocational     17,6 15,2 
 college  31,4 30,3 

























          N     Mean     Sd 
Cognitive abilities       
  girls 54 12,17 3,64 
  boys 68 10,68 3,69 
  total 122 11,34 3,73 
Receptive language abilities     
  girls 54 10,88 3,83  
  boys 68 9,22 3,61  
  total 122 10,74 3,63  
Expressive language abilities     
  girls 54 11,63 3,61  
  boys 68 10,03 3,52  
  total 122 10,74 3,63  
Negative affectivity        
  girls 42 3,04 0,75  
  boys 59 2,89 0,81  
  total 101 2,97 0,78  
Effortful control        
  girls 42 4,51 0,73  
  boys 59 4,35 0,93  
  total 101 4,43 0,83  
Surgency extraversion        
  girls 42 4,75 0,86  
  boys 59 4,59 0,99  























Figure 1. Salivary cortisol and alpha-amylase during kindergarten day (A) 
 
 
Figure 2. Salivary cortisol and alpha-amylase during home day (B) 
 
